The root of understanding speciation lies in determining the forces which drive it. In many closelyrelated species, including Sphyrapicus varius, S. nuchalis, and S. ruber, it is assumed that speciation occurred due to isolation in multiple Pleistocene refugia. We used genetic data from 457 samples at the control region (CR), cytochrome oxidase I (COI), and chromo-helicase DNA binding protein (CHD1Z) to examine range-wide population genetic structure and differentiation amongst these 3 species across each species' breeding range. In addition, we modeled these species' ecological niches for the Holocene (~6000 years ago), Last Glacial Maximum (~22 000 years ago), and Last Interglacial (~120 000-140 000 years ago) to determine if Pleistocene glaciations could have contributed to allopatric distributions, therefore allowing these groups to differentiate. Population genetic data show a potential Pleistocene refugium in Haida Gwaii, an east-west split among S. varius, and low genetic differentiation within each species. Our CR data show some polyphyly, while COI and CHD1Z data show differentiation among species using composite genotypes. Ecological Niche Modeling shows a large amount of niche overlap at each time period suggesting that S. varius, S. nuchalis, and S. ruber may not have been completely allopatric, and these species likely had repeated intermittent contact. Our data support the growing body of research that suggests differentiation despite gene flow.
advancing ice sheets separated populations into isolated refugia (Hofreiter et al. 2004; Weir and Schluter 2004) . When ice sheets receded, many newly differentiated populations expanded their geographic ranges, and in some cases, populations that had been isolated experienced secondary contact. In cases where the geographical barrier was the only reproductive isolating mechanism between groups, once the ice sheets receded species experienced hybridization and introgression (Lorenzen et al. 2007; Krosby and Rohwer 2009) .
The Sphyrapicus genus is one of many groups believed to have differentiated during the Pleistocene (Cicero and Johnson 1995; Weir and Schluter 2004) . Three species of Sphyrapicus sapsuckers: yellow-bellied (S. varius), red-naped (S. nuchalis), and red-breasted (S. ruber) are included within the superspecies Sphyrapicus varius, and are sister to Williamson's sapsuckers (S. thyroideus). The taxonomy of the S. varius superspecies has undergone substantial changes in the past century, as what were once considered 4 races of a single species are now classified as 3 separate species, with 2 subspecies of S. ruber (Howell 1952; Johnson and Zink 1983) . This classification is justified by both molecular evidence and assortative mating behavior (Johnson and Johnson 1985; Seneviratne et al. 2012 Seneviratne et al. , 2016 Grossen et al. 2016) . Furthermore, these species exhibit different morphologies, drumming displays, migratory behaviors, and habitat preferences (Johnson and Zink 1983; Trombino 1998; Walters et al. 2002a Walters et al. , 2002b .
S. ruber and S. nuchalis diverged less than 500 000 years ago, while S. varius diverged approximately 1 million years ago (Weir and Schluter 2004) . These 3 species are believed to have diverged under allopatry while in separate Pleistocene refugia, and current hybrid zones are the result of secondary contact following range expansion (Johnson and Zink 1983; Cicero and Johnson 1995; Weir and Schluter 2004; Seneviratne et al. 2012; Grossen et al. 2016 ). However, with the dynamic nature of the Pleistocene ice sheets, it is possible that these species were not entirely allopatric in their distribution. If the sapsuckers speciated despite occasional contact, this suggests other reproductive isolating mechanisms may have been important in divergence within this species complex.
Despite a number of genetic studies on sapsuckers (Johnson and Zink 1983; Cicero and Johnson 1995; Weir and Schluter 2004; Seneviratne et al. 2012; Grossen et al. 2016) , no study has attempted to determine the range-wide population genetic structure for any of the species. Using mitochondrial DNA (mtDNA) control region (CR) and cytochrome oxidase I (COI) and Z-linked chromo-helicase DNA binding protein (CHD1Z) markers, we have examined genetic patterns from across each species' breeding range, comparing genetic structure among and within each species. A range-wide sampling approach allows for better evaluation of the historical range-wide genetic structure and a more thorough understanding of the evolutionary processes that influenced the divergence of these species.
To test the hypothesis that S. ruber, S. nuchalis, and S. varius underwent speciation due to geographic isolation in separate refugia during the Pleistocene era, we have projected potential ranges for the mid-Holocene (~6000 years ago), the Last Glacial Maximum (LGM, ~22 000 years ago), and the Last Interglacial period (LIG, ~120 000-140 000 years ago) to determine if, when, and the degree to which these species were isolated.
Methods

Sample Acquisition
We collected DNA samples from museum specimens and birds caught with mist nets during the field season. Wild-caught samples were collected from May to July to reduce the number of migrants caught. Birds were called in with playbacks and caught using 12 m mist nets. A small (<50 µL) blood sample was taken from the brachial vein, the birds were banded, and morphometric measurements and photographs were taken. All birds were released on site and blood samples stored in 99% ethanol. A total of 457 samples were collected (Supplementary Table 1) , comprised of each of the 3 species from a total of 33 sampling populations. A small number of S. varius samples were collected from outside of the breeding range (FL, LA, NM). Because we cannot know to what breeding populations these birds belong, these samples were included in analyses for species-wide comparisons only.
DNA Extraction, Amplification, and Sequencing
Total genomic DNA was extracted from blood samples using a modified Chelex extraction (Walsh et al. 1991) . Following extraction, all samples were stored at −20 °C.
An 878 bp (base pair) region of the CR was amplified using primers LThr and HPro (Table 1) in 308 sapsuckers. The thermal cycling profile was one cycle of 120 s at 94 °C, 45 s at 54 °C, 60 s at 72 °C; 37 cycles of 30 s at 94 °C, 45 s at 54 °C, 60 s at 72 °C; and one cycle of 300 s at 72 °C. The 25 µL PCR reaction contained 5× Green GoTaq® Flexi buffer (Promega), 0.2 mM dNTP, 2.5 mM MgCl 2 , 0.4 µM primers LThr and HPro, 1 U GoTaq® Flexi polymerase, and genomic DNA. A 749 bp region of COI was sequenced with primers BirdF1 and BirdR1 (Table 1) in 61 individuals from all 3 species using a similar approach to Seneviratne et al. (2012) . This COI region was amplified using a similar thermal cycling program to the CR with the exception of a 50 °C annealing temperature, and 0.1 mM dNTP, 2.0 mM MgCl 2 , and 0.5 U GoTaq® Flexi polymerase.
An approximately 250 bp region of the CHD1Z gene on the Z-chromosome was sequenced in 81 individuals using primers CHD1Z-F-Sapsucker and CHD1Z-R-Sapsucker (Table 1 ). The PCR conditions were similar to that used in the CR, but with a 45 °C annealing temperature, 1 mM dNTP, and 1.5 mM MgCl 2 . An insertion/ deletion (indel) of a single G nucleotide was identified in this sequence.
Successfully amplified samples were sent to NanuQ sequencing service at McGill University, Montreal, Quebec for sequencing. Sequences were checked and aligned using MEGA v. 6 (Tamura et al. 2011) . Several samples were sequenced twice to ensure consistency.
SNP Screening
The aligned COI and CHD1Z sequences were used to identify SNPs. On COI, we screened for 2 pairs of SNPs: a CNNT/TNNC SNP at position 303 (hereafter referred to as the CT SNP), and an ANNA/ANNG/GNNG SNP at position 387 (hereafter referred to as the AG SNP). Internal primers BirdFintCT400, BirdFintTC400, and BirdRintCOI530 (Table 1) were designed to identify the CT SNP such that the 3′ end of each forward primer would only bind to one specific SNP. Two 10-µL PCR reactions were run, one using BirdFintCT400 and the other with BirdFintTC400. The BirdFint reaction was the same as COI with 1 mM MgCl 2 (BirdFintCT400) or 1.5 mM MgCl 2 (BirdFintTC400). Screening was performed for 367 individuals at the CT SNP site. We designed specific reverse primers for each AG SNP, BirdFintCOI320, BirdRintAA480, BirdRintAG480, and BirdRintGG480 (Table 1) . Three 10 µL PCR reactions were performed per sample, each containing the primer BirdFintCOI320 and 1 of the 3 BirdRint480 primers for 433 birds. The reactions had similar reagent concentrations to the BirdFintCT400 SNP PCR, but 2 mM MgCl 2 was used with primers BirdRintAG480 and BirdRintGG480.
Because of imperfect primer binding at the AG and GG SNP, restriction digests were subsequently performed on the amplified DNA for the BirdRintAG480 and BirdRintGG480 PCRs. AluI cut the AG allele at a linked SNP 44 bp from the 5′ end. The 10 µL digests contained 1× Buffer, 0.04 U AluI (New England Biolabs), and PCR product and were incubated at 37 °C for a minimum of 2 h. Digests were run on a 3% agarose gel and scored as AG (45 and 138 bp) or GG (183 bp) for the 243 samples not identified as AA.
Data Analyses
A 753 bp CR alignment was created in MEGA v. 6 (Tamura et al. 2011) . DnaSP v 5 (Librado and Rozas 2009) was used to assign haplotypes and to calculate haplotype (h) and nucleotide (π) diversities.
To determine genetic differentiation among species and among populations, pairwise F ST values measuring species and population differentiation were calculated in the program Arlequin 3.11 (Excoffier and Lischer 2010) . Populations with fewer than 6 individuals were removed from population analysis. P-values were corrected using the modified false discovery rate (FDR) (Benjamini and Hochberg 1995) . A TCS haplotype network of the CR sequences was made in the program Popart v. 1.7 (Clement et al. 2002) .
SNP data for CT and AG COI SNPs and the CHD1Z indel were analyzed with descriptive statistics comparing nucleotide composition between both populations and species. Chi-square tests were used to test for significance of SNP variation among species.
Ecological Niche Modeling
Occurrence data were downloaded from the Global Biodiversity Information Facility (GBIF, , GBIF has a preferred formatting which is as follows for all three species: GBIF.org (31 August 2016) GBIF Occurrence Download https://doi.org/10.15468/dl.hhz1yk, GBIF. org (31 August 2016) GBIF Occurrence Download https://doi. org/10.15468/dl.kavsjx, GBIF.org (04 August 2016) GBIF Occurrence Download https://doi.org/10.15468/dl.spt2f3). For S. nuchalis and S. ruber, all entries prior to 1980 were omitted to maximize occurrences with accurate geographic coordinates. Because all sapsuckers were considered S. varius until 1985, all occurrences prior to 1986 were omitted for this species. To restrict occurrences to breeding populations, all S. nuchalis and S. ruber entries were restricted to those collected from mid-April through August, and S. varius from June through August (Walters et al. 2002a (Walters et al. , 2002b . All occurrence files were spatially rarefied using the SDM Toolbox (Brown 2014) .
Environmental variables were downloaded from WorldClim v. 1.4 (Hijmans et al. 2005) and processed in ArcGIS with the SDM Toolbox (Brown 2014) . Variables were checked for autocorrelation with a 0.9 threshold in both SDM Toolbox and ENMTools (Warren et al. 2010) , and correlated variables were removed from the analyses. Each species' ecological niche was modeled using Maxent v. 3.3 (Phillips et al. 2006 ). Previous studies have used different parameters for this model (Warren and Seifert 2011; Merow et al. 2013; Shcheglovitova and Anderson 2013) . Therefore, we used a number of regularization multipliers, environmental layers, and feature classes, and tested each model's suitability using the Model Selection tool in ENMTools (Warren et al. 2010 ). The settings used in Maxent to model the ecological niche of S. varius were a 0.1 regularization multiplier with a hinge feature class, and 10 bioclim layers: 1, 2, 3, 7, 8, 12, 14, 15, 18, and 19 . For S. nuchalis and S. ruber, we used a 0.5 regularization multiplier and a hinge feature. While the same 10 bioclim layers were used for S. varius and S. ruber, S. nuchalis models performed better without layer 2, so only the remaining 9 layers were used to model this species' niche. The best fit model for each species was selected by optimal corrected Akaike's Information Criterion (AICc) and area under curve (AUC). These conditions were projected to mid-Holocene and LGM using MIROC-ESM Global Climate Models (Watanabe et al. 2011) , and LIG from Otto-Bliesner et al. (2006) .
Niche overlap was measured instead of range overlap because even present-day models may include regions of niche overlap but not range overlap, as other factors may impact species ranges, such as competitive exclusion. Because we could not directly measure geographic range overlap in the past time periods, we quantified the projected historical niche overlap for the Holocene and LGM, and compared these with the current niche overlap using ENMTools (Warren et al. 2010) . We conducted identity tests using ENMTools to test the hypothesis that the species' Ecological Niche Models (ENMs) are more different than would be expected if they were drawn from the same underlying distribution (Warren et al. 2010) . Ninety-nine pseudoreplicates were used, and P-values were calculated using 1-sample t-tests.
Results
Sequencing
A 753 bp region of CR sequences from 308 individuals was aligned using MEGA v 5 (Tamura et al. 2011) (Table 2) . DnaSP identified 132 different haplotypes in the 308 individuals, 30 of which were shared among multiple birds and 102 that were found in a single individual (Supplementary Table 1 ). Overall haplotype diversity (h) was 0.955 and overall nucleotide diversity was 0.01468 (Table 3) . Haplotype diversity was highest in S. varius (0.969) and lowest in S. nuchalis (0.859) ( Table 3) .
Pairwise F ST values for the CR data ranged from 0 (or negative) to 0.803 (S. varius SK and S. ruber WA) (Table 4) . F ST was high in S. varius/S. nuchalis and S. varius/S. ruber pairwise species comparisons (0.568 and 0.624 respectively), and low between S. nuchalis and S. ruber (0.189), but all pairwise species comparisons were significant (P < 0.0001). A small number of pairwise F ST values between conspecific populations were significant: 4 comparisons amongst the 10 S. varius, 2 of 21 S. nuchalis, and 1 of 10 S. ruber (Table 5) . In comparison, 25 of 35 comparisons between S. nuchalis and S. ruber were significant, and all 25 S. ruber-S. varius comparisons, and 35 S. nuchalis-S. varius were significant.
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SNP Screening
The CT COI SNP differentiated S. varius from both S. nuchalis and S. ruber (χ 2 = 238, P ≤ 0.00001). In S. varius, 1% (2 of 184) of individuals had the CT allele, whereas 86% (72 of 84) of S. ruber and 75% (74 of 99) of S. nuchalis had the same CT allele (Figure 2a ). The only 2 S. varius samples that had the CT allele were collected near hybrid zones in CAB and NWBC (Figure 2a ). Similar species divisions were found using the AG COI SNP (Figure 2b ) (χ 2 = 518, P ≤ 0.00001). All 190 S. varius had the AA allele, whereas S. nuchalis had 57% (64 of 113) AG and 43% (49 of 113) GG; and S. ruber had 15% (19 of 130) AG and 85% (111 of 130) GG. While there was no evidence of geographic clustering of alleles within the S. nuchalis populations, 95% (18 of 19) of the S. ruber with the AG allele were from the northern Pacific Coast (CBC, HG, VIBC, WA) and 15 of those were from HG ( Figure 2b) .
The CHD1Z sequences showed a G insertion/deletion with significant differences among species (χ 2 = 61, P ≤ 0.00001). The majority of S. ruber (30 of 35 alleles) had the G insertion (Figure 2c) . This was quite different from S. nuchalis, which was nearly fixed for the G deletion, with the exception of one insertion allele collected from a hybrid zone in central Alberta (CAB) (35 of 36). While most S. varius alleles (50 of 65) had the G deletion, the majority of G insertions (13 of 15) were found in eastern populations (IL, ON, and NS) (Figure 2c ) (χ 2 = 10, P = 0.0014), and the 2 western insertion alleles were collected in CAB.
These markers differentiated the species much more effectively in combination. Composite genotypes of each locus were created for all samples screened at both COI loci, as these genotypes allow us to genetically identify each species. The majority of S. ruber (107 of 123) had a CTGG genotype, and most of these (88 of 107) fell into the red-breasted clade. S. nuchalis could be separated from S. ruber using the deletion on CHD1Z locus, the red-naped clade, and the AG COI SNP. S varius was quite different from both other species, as the majority of birds had a TCAA genotype (351 of 353). It is interesting to note although the 2 COI loci are linked, genotypes fall into all possible combinations such that the presence of one SNP does not predict presence of another.
Ecological Niche Modeling
Models for each species were evaluated using AUC: S. nuchalis AUC = 0.908 ± 0.003, S. ruber AUC = 0.948 ± 0.002, and S. varius was 0.848 ± 0.002. The S. varius niche was most closely associated with mean annual temperature (51.6% relative contribution) and precipitation of warmest quarter (31.2%), S. nuchalis with isothermality (58.9%) and mean annual temperature (23%), and S. ruber with precipitation in the coldest quarter (40.9%) and temperature of the wettest quarter (25.4%). Niche overlap was measured using Schoener's D statistic, which theoretically ranges from 0 (no overlap) to 1 (complete overlap). The amount of overlap was generally lowest during the Holocene and highest during the present day (Table 5) . Across each time period, overlap was greatest between S. nuchalis and S. ruber, and the lowest between S. varius and S. ruber (Table 5) . Identity test pseudoreplicates had much higher Schoener's D values than the niche overlap tests (P < 0.0001), and the ENMs are more different than expected by chance.
Discussion
Effects of Pleistocene Biogeography
Within S. nuchalis, there is not a lot of geographic structure with haplotypes or SNPs. However, S. ruber shows evidence of population structure in coastal BC, and S. varius populations show an east-west split. Both HG and VIBC showed evidence of an evolutionary history separate from other S. ruber populations. In each case, both CR and COI show haplotypes typical of the 2 other species ( Figure 1 , Table 2 ). HG, in particular, contributes the majority of alleles shared with other species in both COI SNPs (Table 2) . Historical secondary contact between Hermit and Townsend's warblers (Septophaga occidentalis and S. townsendi) is thought to have caused a similar pattern, in which all Townsend's warblers on Haida Gwaii had hermit warbler mtDNA haplotypes (Krosby and Rohwer 2009) . Clearly, coastal BC has a unique evolutionary history, possibly as an isolated Pleistocene refugium. A Haida Gwaii refugium has been suggested for several North American species, including chestnut-backed chickadees (Poecile rufescens) and black bears (Ursus americanus) (Byun et al. 1997; Burg et al. 2006) . During the Pleistocene when the mainland was covered in ice sheets, small parts of Haida Gwaii, northern Vancouver Island, and the adjacent coasts were forested regions containing suitable habitat for many terrestrial species (Hetherington et al. 2003) . Our ENM data show that this region was within the preferred ecological niche of S. ruber during the Pleistocene, and it is possible that an isolated population of sapsuckers persisted in this refugium (Figure 3) . The modeled ecological niche for S. ruber had the highest associations with precipitation of all 3 species, so it is likely that S. ruber was could have persisted in this wet, ice-free environment. Another interesting geographical pattern in our S. varius data is the CHD1Z G insertions, whereby the majority of individuals with the insertion (13 of 15) were from eastern populations, while western populations had a low prevalence (2 of 28) of insertions (Table 2) , and both SNPs persist within a hybrid zone (CAB). The lower frequency of the insert in the west corresponds to the geographical patterns found by Seneviratne et al. (2012) , but our wider sampling revealed an unnoticed and unexpected change over the geographic range of S. varius. This east-west split of CHD1Z alleles corresponds to an abrupt disruption in modeled suitable niche habitat in central Canada in the LIG projection for this species, specifically, bioclim layers 8, 9, 14, and 15 (Figure 3) . The habitat in this area was associated with low precipitation and temperature during the LIG, and may have separated eastern and western S. varius populations, which ENM models show are highly associated with temperature (OttoBliesner et al. 2006) . Nuclear Z-linked markers tend to evolve more slowly than the mitochondrial CR or COI markers. This may explain why the remnants of LIG landscape patterns affect CHD1Z, but are absent from the mtDNA data for this species (Renoult et al. 2009 ).
Systematics and Polyphyly
Our data corroborate the findings of previous studies that S. nuchalis and S. ruber are more closely-related to each other than to S. varius. The CR sequence F ST values (Table 4 ) and haplotype network data (Figure 1 ) show higher similarity among S. nuchalis and S. ruber populations than S. varius populations. COI SNPs also showed more shared alleles between S. nuchalis and S. ruber.
On a range-wide scale, mitochondrial markers indicate differentiation between sapsucker species, as evidenced by F ST and composite genotypes, but no species is monophyletic. A number of factors could explain polyphyletic patterns in our data, particularly incomplete lineage sorting (ILS) and introgression, which are often difficult to distinguish (Funk and Omland 2003) . These species are all known to hybridize in sympatry and yield viable hybrid offspring (Johnson and Zink 1983) , and it is likely that introgression occurs through hybrid backcrossing in contact zones. A disproportionate number of polyphyletic individuals originate near hybrid zones (Figures 1  and 2) . Three of the 6 S. varius individuals in the red-breasted CR clade originated from CAB, an S. varius/S. nuchalis hybrid zone, as did the only S. nuchalis and western S. varius individuals with the CHD1Z insertion (Figure 1) . Furthermore, all 5 S. nuchalis in the yellow-bellied clade were from southern Alberta (SAB), just south of the CAB hybrid zone, and 1 of the 3 S. ruber individuals was from NBC, near a S. ruber/S. varius hybrid zone (Seneviratne et al. 2012) (Figure 1 ). Because many of the individuals causing the strong polyphyletic signal are from hybrid zones, the pattern is, therefore, more likely the result of introgression than ILS, which would not show any geographic signal. The smaller effective population size of mtDNA causes these markers to sort more quickly than nuclear markers (Renoult et al. 2009 ), so the fact that our CHD1Z locus, albeit sexlinked, has sorted the most closely related species also supports the introgression hypothesis. It is worth noting that we selected markers based on the likelihood that they would show population scale differences, enabling us to evaluate gene flow throughout the system. However, because of the unique inheritance patterns of mtDNA and (Grossen et al. 2016) , they are unlikely to be representative of genome-wide patterns, and may be less able to distinguish ILS from introgression. Research on these sapsuckers using Next Generation Sequencing has yielded similar systematics conclusions, though they show that across the genome divergence is low (Curtis 2016; Grossen et al. 2016; Seneviratne et al. 2016) .
Pairwise F ST values indicate little evidence of structuring among conspecific populations, suggesting populations are well connected (Table 4) . Despite evident population connectivity, introgressed alleles rarely leave contact zones. This low movement of introgressed alleles suggests that hybrid zones may represent sink habitats, or hybrids may be less fit. Sapsuckers are parapatric, and zones of sympatry occur at the peripheries of their range. Range peripheries contain marginal habitats where fitness might be lower, reducing the likelihood that hybrid individuals survive to move introgressed alleles out of these areas (Micheletti and Storfer 2017) . Alternatively, hybrids may be better adapted to marginal habitats and have lower survival outside these regions. Johnson and Johnson (1985) demonstrated reduced fitness of F1 S. ruber/S. nuchalis hybrids, which Trombino (1998) showed was due to reduced hybrid adult survivorship. Seneviratne et al. (2012) suggested selection also acts against S. ruber/S. varius hybrids, supporting our notion that low hybrid fitness may limit movement of these alleles out of hybrid zones.
The ENM data modeled large areas of potential niche overlap for all 3 species over each time period, which were comparable to present day overlap (Table 5, Figure 3a-d) . During the Holocene, range overlap was geographically similar to the present day, particularly in the Canadian Rocky Mountains, where all 3 species are predicted to have suitable habitat. In the LGM, suitable S. nuchalis habitat overlapped with S. ruber on the Pacific Coast and with S. varius in the southern United States. The 2 western species, S. nuchalis and S. ruber, in particular, have vast regions of potential range overlap during each time period investigated. The niche overlap of these projections does not necessarily mean the sapsuckers were parapatric, as it is possible they were in allopatric refugia with similar niches. However, it does underscore the high likelihood of contact for the 3 species at various points of their recent evolutionary history. This is further demonstrated by the fact that the 2 species showing lowest differentiation, S. nuchalis and S. ruber, have the largest potential niche overlap. Alves et al. (2003) found similar results of paraphyletic mtDNA clades in European hares (Lepus timidus, L. granatensis, L. europaeus) , and concluded this resulted from ancient introgression. These ENM data are presented with the caveat that they assume species' ecological niches have not changed in over 100 000 years when in reality they likely have changed to a certain extent.
As Webb et al. (2011) demonstrated, mtDNA does not necessarily reflect species adaptive divergence, rather mitochondrial patterns may be an artifact of a species' historical isolation. Overwhelming evidence suggests that these 3 sapsuckers represent distinct species (Johnson and Zink 1983; Johnson and Johnson 1985; Cicero and Johnson 1995) . A small number of pairwise comparisons between species were not significant suggesting limited connectivity among species, despite evident speciation (Johnson and Zink 1983; Grossen et al. 2016) . Assuming that geographic isolation is not completely responsible for reproductive isolation, this raises the question of what additional mechanisms maintain divergence within this species complex.
Reproductive Isolating Mechanisms
The obvious plumage differences amongst these species would pose an ostensible reproductive barrier. Plumage differences have been suggested as a barrier in a number of species, including lazuli and indigo buntings (Passerina amoena, P. cyanea) and house, Spanish, and Italian sparrows (Passer domesticus, P. hispaniolensis, and P. itatliae) (Baker and Boylan 1999; Bailey et al. 2015) . Furthermore, Toews et al. (2016) demonstrated that the majority of divergence in the genomes of golden-winged and blue-winged warblers (Vermivora chrysoptera, V. cyanoptera) occurs in regions controlling feather coloration and development. Grossen et al. (2016) identified a locus (COG4) using next-generation sequencing that is closely associated with plumage in sapsuckers. Plumage does play a role in mate choice in sapsuckers (Johnson and Johnson 1985; Seneviratne et al. 2012 ). Johnson and Johnson (1985) postulated that the highly divergent plumage of S. ruber and S. nuchalis emerged as a pre-mating isolating mechanism to differentiate the 2 closely-related species. However, these authors also acknowledged that most interspecific pairs include an S. nuchalis female and an S. ruber male, suggesting females are selecting redder males, potentially increasing hybridization (Johnson and Johnson 1985) .
Behavior may also contribute to isolation in these species, particularly their migratory habits. These species exhibit a range of migratory behaviors from the completely migratory S. varius, to the partial migrant S. nuchalis and nearly resident S. ruber (Walters et al. 2002a (Walters et al. , 2002b . Differences in migration could lead to population differentiation in multiple ways. Migration may affect the timing of breeding, as resident birds breed earlier (Walters et al. 2002a; Billerman et al. 2016) . Some birds may form pair bonds on wintering grounds, in which case resident and migratory birds would be unable to pair bond (Humphries et al. 2009; Borràs et al. 2011; Davidson et al. 2013) . Furthermore, migration is shown to be genetically encoded (Irwin 2009; Delmore et al. 2016) , and hybrid birds may take unsuitable intermediate flight paths, reducing their fitness and increasing post-mating isolation (Trombino 1998) . Delmore et al. (2016) and Lundberg et al. (2013) have shown reproductive isolation between populations with different migration strategies in both Swainson's thrush (Catharus ustulatus) and willow warblers (Phylloscopus trochilus), and it is possible that divergence of sapsucker groups began as a consequence of a migratory divide.
A third possibility is ecological speciation. Each of the sapsucker species has different breeding habitat preferences: S. ruber is found in coniferous forests, S. nuchalis breeds in mixed woodlands, especially aspen (Populus spp.) and ponderosa pine (Pinus ponderosa), and S. varius prefers to breed in early successional forests of aspen (Populus spp.), birch (Betula spp.), and maple (Acer spp.) (Walters et al. 2002a (Walters et al. , 2002b . Each species may be better adapted to different abiotic factors, such as the high precipitation and mild climate of the Pacific Coast, the arid conditions of the Rocky Mountains, or the cool climate and wetland habitat in the boreal forest. Our Ecological Niche Modeling demonstrates that each species has distinct, albeit slightly overlapping, ecological preferences. Billerman et al. (2016) reported S. nuchalis and S. ruber ranges in Oregon are shifting in accordance with local climate and habitat change. Grossen et al. (2016) found differentiation among sapsucker species in regions associated with fluid homeostasis, suggesting a genomic underpinning of adaptation to different moisture availability. Species that evolve ecological specialization are more likely to differentiate than generalists, and if these sapsuckers have specialized ecological niches this might contribute to their divergence (Schluter 2009; Webb et al. 2011 ).
Conclusions
In studying evolution and speciation, evolutionary biologists attempt to identify not only the results of speciation, but also the forces causing it. While these causes may often be assumed based on phylogeographic evidence, the underlying forces for reproductive isolation between different species are undoubtedly complex. Our ENM modeling suggests that S. varius, S. nuchalis, and S. ruber may not have diverged under strict allopatry, which calls into question a decadesold assumption and simultaneously allows for the possibility of a more convoluted evolutionary history. What is more likely is that these species have a long history of repeated contact throughout their divergence.
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